Objective: This study aimed to express a fusion protein of diphtheria toxin and human B cell-activating factor (DT388sBAFF) in Escherichia coli (E. coli) and investigate its activity in human B-lineage acute lymphoblastic leukemia 1 cells (BALL-1).
INTRODUCTION
Immunotoxin is an artificial hybrid molecule with a targeted killing ability [1] , consisting of a targeting moiety and a toxic payload. The targeting moiety falls into two categories: one is monoclonal antibody; the other is certain receptor or ligand with important physiological functions. The toxic payload is usually a  protein toxin, either plant or bacterial. Immunotoxin commonly contains toxins such as diphtheria toxin and pseudomonas exotoxin [2] . Immunotoxins targeting hematological malignancies and solid tumors have been additionally demonstrated with excellent clinical activity [3] , representing a second revolution in antibodymediated cancer therapy [4] .
B cell-activating factor (BAFF), also known as Blymphocyte stimulator (BLyS), TNF-and APOL-related leukocyte expressed ligand 1 (TALL-1), or TNF homolog that activates apoptosis, NKFB, and JNK (THANK), is a member of tumor necrosis factor (TNF) superfamily [5, 6] and is expressed on the surface of monocytes, dendritic cells (DC), neutrophils, stromal cells, activated T cells, malignant B cells and epithelial cells [7, 8] . BAFF can bind to three different receptors,  www.cjcrbj.com BAFF receptor (BAFF-R), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI) and B cell maturation protein (BCMA), which are expressed seperately at various times during B cell ontogeny [9] . BAFF-R specifically expresses on more mature B cells, starting at the T1 transitional B cell stage [7] . Nevertheless, a recent research [9] presented evidence that the BAFF-R is universally expressed on Blineage acute lymphoblastic leukemia (ALL) cells which develop by transformation of normal B-cell progenitors. Other studies have demonstrated that the fusion protein of BAFF and gelonin, a plant toxin, had the killing effects against BAFF-R (+) B lymphoma cells [10, 11] .
To investigate the human B cell leukemia BALL-1 cell-targeting effect of BAFF/diphtheria toxin fusion protein DT388sBAFF and the feasibility of its clinical applications, in this study, we expressed DT388sBAFF in Escherichia coli (E. coli), purified the recombinant protein and investigated its biological activity in target BAFF-R (+) BALL-1 cells.
MATERIALS AND METHODS

Materials
The whole gene synthesis of pUC57-DT388sBAFF was carried out by Nanjing Genscript Biotechnology (Nanjing, China). The pcold II vector was constructed by the central laboratory of the Provincial Hospital Affiliated to Shandong University. The polymerase chain reaction (PCR) reagents, RNA isolation kit, and real-time PCR kits were purchased from Takara Biotechnology (Dalian, China). The DNA marker was purchased from Tiangen Biotech (Beijing, China). T4 DNA ligase, restriction enzymes Nde I, Xho I, protein marker and gel extraction kit were products of MBI Fermentas (Shenzhen, China). E. coli DH5α and BL21 were purchased from TransGen Biotech (Beijing, China). The plasmid extraction kit was prepared by the central laboratory of the Provincial Hospital Affiliated to Shandong University. Yeast extract, peptone and agar were purchased from Oxoid (Basingstoke, UK). The protein quantification kit was purchased from Shanghai Shenergy Biocolor BioScience & Technology (Shanghai, China). The anti-BAFF antibody, anti-HisTag polyclonal antibody and goat anti-rabbit antibody were ABcam products (Cambridge, UK). The inducer isopropyl β-D-1-thiogalactopy-ranoside (IPTG) was a product of BBI Biotech (Berlin, Germany). Western chemiluminescent substrate was purchased from Santa Cruz Biotechnology (Santa Cruz, USA). Monocytic cell line U937 and Hmy2.CIR B cells were kept by the authors' group in the laboratory, and human acute lymphoblastic leukemia cell line BALL-1 was obtained from ATCC (Washington, USA). Modified RPMI 1640 medium (containing 2.05 mmol/L glutamine), IMDM medium and fetal bovine serum were purchased from HyClone Laboratories (Logan, USA). The 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl-tetrazolium bromide (MTT) kit was purchased from Keygen Biotech (Nanjing, China). Other reagents were imported products of analytical grade.
Primer Design and Synthesis
DT388sBAFF gene colony PCR segment primers (upstream primer 5'-CATATGAATCGTAAACTG-3'; downstream primer 5'-CTCGAGCAGCAGTTTCAGG-GCACCGAA-3') were synthesized by Sangon Biotech (Shanghai, China) according to the optimized diphtheria toxin-human BAFF (DT388sBAFF) gene sequence.
Recombinant DNA Technology
The gene fragment was isolated from the cloning vector pUC57-DT388sBAFF digested with Nde I and Xho I, inserted into an appropriate site of the expression vector pcold II, and then transformed into E. coli DH5α. After being identified by colony PCR, the positive clones were saved and the plasmid was extracted.
Expression and Identification of the Recombinant Protein
The positive recombinant expression vector pcold II/DT388sBAFF was transformed into competent strain E. coli BL21. Isolated colonies were selected and cultured to logarithmic phase. Inducer IPTG was then added to a final concentration of 1 mmol/L, followed by inducing at 15  C for 24 h. The expression level of the target protein was analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). The recombinant protein was identified by Western blot with anti-BAFF and polyclonal anti-His-Tag.
Protein Purification
In accordance with the instructions of QIAgenes E. coli Handbook, the fusion protein was purified with the non-denaturing method. The ultrasonic supernatant of recombinant strain was fully integrated with Ni 2+ -NTA column at 4  C for 1 h. After washing and elution, imidazole and other small molecules were removed by dialysis, and the recombinant protein was detected by SDS-PAGE.
Detection of BAFF Receptors Expression
The mRNA expression of human BAFF receptors (BAFF-R, TACI and BCMA) in BALL-1, Hmy2.CIR and U937 cell lines was assessed by real-time PCR [12] . The total mRNA of these cell lines was isolated by an RNAiso Plus kit (Takara, Dalian, China). The primers of BAFF-R, TACI and BCMA were as follows: BAFF-R: 5'-GGA GAA GGCAGG AAC CAC-3' (sense) and 5'-AAG
